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DEPOSITION APPARATUSES; METHODS FOR ASSESSING ALIGNMENTS OF 
SUBSTRATES WITHIN DEPOSITION APPARATUSES; AND METHODS FOR 
ASSESSING THICKNESSES OF DEPOSITED LAYERS WITHIN DEPOSITION 

APPARATUSES 

TECHNICAL FIELD 

[0001] The invention pertains to deposition apparatuses, to methods of 
assessing alignment of substrates within deposition apparatuses, and to methods of 
assessing thicknesses of deposited layers within deposition apparatuses. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuitry fabrication includes deposition of materials and 
layers over semiconductor wafer substrates. One or more substrates are received 
within a deposition chamber within which deposition typically occurs. One or more 
precursors or substances are caused to flow to a substrate, typically as a vapor, to 
effect deposition of a layer over the substrate. A single substrate is typically 
positioned or supported for deposition by a susceptor. In the context of this 
document, a "susceptor" is any device which holds or supports at least one wafer 
within a chamber or environment for deposition. Deposition may occur by chemical 
vapor deposition, atomic layer deposition and/or by other means. 
[0003] Figs. 1 and 2 diagrammatically depict a prior art susceptor 12, and 
various issues associated therewith. Susceptor 12 receives a semiconductor wafer 
substrate 14 (shown in dashed-line view in Fig. 2) for deposition. Substrate 14 is 
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received within a pocket or recess 16 of the susceptor to elevationally and laterally 
retain substrate 14 in the desired position. 

[0004] A particular exemplary system is a lamp heated, thermal deposition 
system having front and back side radiant heating of the substrate and susceptor for 
attaining and maintaining desired temperature during deposition. Fig. 2 depicts a 
thermal deposition system having at least two radiant heating sources for each side 
of susceptor 12. Depicted are front side and back side peripheral radiation emitting 
sources 18 and 20, respectively, and front side and back side radially inner radiation 
emitting sources 22 and 24, respectively. Incident radiation from sources 18, 20, 22 
and 24 overlaps on the susceptor and substrate, creating overlap areas 25. Such 
can cause an annular region of the substrate corresponding in position to overlap 
areas 25 to be hotter than other areas of the substrate not so overlapped. Further, 
the center and periphery of the substrate can be cooler than even the substrate 
area which is not overlapped due to less than complete or even exposure to the 
incident radiation. 

[0005] The susceptor is typically caused to rotate during deposition, with 
deposition precursor gas flows occurring across the wafer substrate. An H2 gas 
curtain (not shown) will typically be provided within the chamber proximate a slit 
valve (not shown) through which the substrate is moved into and out of the 
chamber. A preheat ring (not shown) is typically received about the susceptor, and 
provides another heat source which heats the gas flowing within the deposition 
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chamber to the wafer. In spite of the preheat ring, the regions of the substrate 
proximate where gas flows to the substrate can be cooler than other regions of the 
substrate. 

[0006] Robotic arms (not shown) are typically used to position substrate 14 
within recess 16. Such positioning of substrate 14 does not always result in the 
substrate being positioned entirely within susceptor recess 16. Further, gas flow 
might dislodge the wafer such that it is received both within and without recess 16. 
Such can further result in temperature variation across the substrate and, 
regardless, result in less controlled or uniform deposition over substrate 14. 
[0007] The sources 18, 20, 22 and 24 can be lamps provided directly over 
surfaces which are to be exposed to radiation, or can be light directed from lamps 
which are remote from the surface to which radiation is to be directed. Such 
aspects of the prior art are shown in Figs. 3 and 4. Specifically, Fig. 3 
diagrammatically shows sources 18 and 22 as lamps provided over a surface of the 
substrate 14 retained within susceptor 12. The lamps 18 and 22 have surfaces 
closest to substrate 14 from which emitted light is directed toward substrate 14, and 
have opposing surfaces from which emitted light is directed away from substrate 14. 
The surfaces near substrate 14 can be considered fonward surfaces, and the 
opposing surfaces can be considered rean^^ard surfaces. A plurality of reflectors 30 
can be provided to reflect light emitted from the reanward surfaces of lamps 18 and 
22 toward substrate 14. Emitted light is diagrammatically illustrated in Fig. 3 by 
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arrows 32 (only some of which are labeled), and such arrows show light emitted 
directly toward substrate 14, and also show light reflecting from reflectors 30 toward 
substrate 14. Reflectors 30 can have the shown curved shapes, or can be 
substantially flat. 

[0008] Referring to Fig. 4, a pair of lamps 1 8 is shown remote from a surface 
of substrate 14 (the lamps 22 are not shown in Fig. 4 in order to simplify the 
drawing, and the lamps 20 and 24 are not shown in either of Figs. 3 and 4, again to 
simplify the drawings). A pair of mirrors 34 is shown over substrate 14. Light 32 is 
directed from lamps 18 toward mirrors 34, and then reflected from the mirrors 34 
toward substrate 14. 

[0009] Various problems can exist with the prior art apparatuses described 
with reference to Figs. 1-4. For instance, there can be problems with uneven 
heating across a substrate, as described above, and there can also be problems 
with the substrate wobbling or othenwise being Improperly aligned within the 
susceptor. Additionally, there can be problems in obtaining uniform deposition of 
materials across the substrate, in ascertaining if the deposition across the substrate 
is uniform, and in ascertaining the approximate thickness of the deposition across 
the substrate. It is desired to develop improved susceptor apparatus designs and 
methodologies for utilizing susceptor apparatuses which address one or more of 
such problems. However, although the invention was motivated from this 
perspective and in conjunction with the above-described reactor and susceptor 

4 



S:\MI22\2518\p01.doc 



Docket No. MI22-2518 

designs, the invention is not so limited. Rather, the invention is only limited by the 
accompanying claims as literally worded, without interpretive or other limiting 
reference to the specification and drawings, and in accordance with the doctrine of 
equivalents. 

SUMMARY OF THE INVENTION 

[0010] In one aspect, the invention includes a deposition apparatus. The 
apparatus comprises a substrate susceptor for receiving a substrate and one or 
more lamps for providing radiant energy to the substrate. Further, the apparatus 
includes a reflector associated with at least one of the lamps and configured for 
directing radiant energy from the lamp toward the substrate. The reflector has a 
rugged reflective surface configured to disperse the light reflected therefrom. 
[0011] In one aspect, the invention encompasses a deposition apparatus 
which includes a disperser between a lamp and a substrate. The apparatus is 
configured such that at least some light waves emitted from the lamp are passed 
through the disperser and then utilized for providing radiant energy to the substrate. 
[0012] In one aspect, the invention encompasses a method of assessing 
alignment of a substrate within a deposition apparatus. A deposition apparatus is 
provided to have a substrate susceptor for receiving a substrate, to have one or 
more laser emitters, and to have one or more photodetectors. A substrate is 
provided to be received by the susceptor. Light is emitted from at least one of the 
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laser emitters toward the substrate and reflected from the substrate to at least one 
of the photodetectors. The emitted light is detected with the photodetector, and 
information pertaining to the detected light is utilized to assess alignment of the 
substrate. 

[0013] In one aspect, the invention encompasses a method for assessing the 
thickness of a deposited layer utilizing optical methods for determining a thickness 
of a material over a surface of a susceptor. The optical methods can include, for 
example, ellipsometry. 

[0014] In one aspect, the invention includes a method of assessing the 
thickness of a deposited layer within a deposition apparatus. The apparatus 
includes one or more laser emitters and one or more photodetectors. The 
apparatus also includes a susceptor. A substrate is provided to be received by the 
susceptor, and the layer is deposited onto the substrate. Light is emitted from at 
least one of the laser emitters toward the substrate and reflected from the substrate 
to at least one of the photodetectors. The reflected light is detected by the 
photodetector and information pertaining to the detected light is utilized to assess 
the thickness of the deposited layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 
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[0016] Fig. 1 is a top view of a prior art susceptor. 

[0017] Fig. 2 is a cross-section of the Fig. 1 susceptor taken through the line 
2-2 of Fig. 1. 

[0018] Fig. 3 is a diagrammatic, cross-sectional view of a portion of a prior art 

deposition apparatus illustrating an exemplary lamp arrangement. 

[0019] Fig. 4 is a diagrammatic, cross-sectional view of a portion of a prior art 

deposition apparatus having an alternative lamp arrangement relative to the Fig. 3 

apparatus. 

[0020] Fig. 5 is a diagrammatic, cross-sectional view of a deposition 
apparatus encompassing an aspect of the present invention. 
[0021] Fig. 6 is a diagrammatic top view of a reflector suitable for utilization in 
an exemplary aspect of the present invention. 

[0022] Fig. 7 is a diagrammatic, cross-sectional view of a portion of a 
deposition apparatus comprising an aspect of the present invention. 
[0023] Fig. 8 is a diagrammatic, cross-sectional view of a portion of a 
deposition apparatus illustrating overlap of light from adjacent lamps on a substrate. 
[0024] Fig. 9 is a fragmentary top view of a portion of the substrate of Fig. 8 
further illustrating the overlap of light from adjacent lamps. 
[0025] Fig. 10 is a diagrammatic, cross-sectional view of a portion of a 
deposition apparatus comprising an aspect of the present invention. 
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[0026] Fig. 1 1 is a top view of a portion of a deposition apparatus comprising 
an aspect of the present invention. 

[0027] Fig. 1 2 is a diagrammatic, cross-sectional view of a deposition 

apparatus comprising an aspect of the present invention. 

[0028] Fig. 1 3 is a diagrammatic, cross-sectional view of a susceptor at a 

preliminary processing stage of an aspect of the present invention. 

[0029] Fig. 14 is a view of the Fig. 13 susceptor having a substrate provided 

therein, and shown at a processing stage subsequent to that of Fig. 13. 

[0030] Fig. 15 is a view of the Fig. 13 susceptor having the substrate 

provided therein, and is shown at a processing stage subsequent to that of Fig. 14. 

[0031] Fig. 16 is a view of the Fig. 13 susceptor shown at a processing stage 

subsequent to that of Fig. 15. 

[0032] Fig. 17 is a view of the Fig. 13 susceptor shown at a processing stage 
subsequent to that of Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress of science 
and useful arts" (Article 1 , Section 8). 

[0034] Fig. 2 of the "Background" section of this disclosure shows an 
arrangement utilized for heating a semiconductor wafer during a deposition process. 
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The construction of Fig. 2 is typical of constructions utilized for selective epitaxial 
growth of silicon or silicon/germanium, and can also be utilized for other deposition 
processes, including other processes in which silicon or other semiconductor 
materials are grown. The substrate 14 of Fig. 2 is divided into regions which are 
heated from upper and lower banks of lamps. The regions can be divided into inner 
and outer zones, as described in the "Background" section of this disclosure. 
[0035] The upper bank of lamps of the Fig. 2 apparatus will heat the wafer 
primarily through radiant heating, and the lamps will typically be directly over the 
wafer. The lower zone of the wafer of Fig. 2 will be also heated with radiant 
heating, but typically not directly from the lamps since the wafer sits on an opaque 
wafer platform (the susceptor 1 2) which has only edge contact with the wafer. 
[0036] A problem with the configuration of Fig. 2 is that overlap regions 
(regions 25 of Fig. 2) will typically endure more intense heating than other regions, 
which can lead to a donut/annulus of higher temperature material associated with 
portions of the wafer exposed to the overlap regions. One aspect of the present 
invention is a recognition that diffusion of the radiant energy from the lamps can be 
advantageous. Specifically, diffusion of the radiant energy can spread the hot spotis 
associated with overlap regions over wider areas, which can ultimately lead to 
better temperature uniformity than is achieved with prior art apparatuses. The 
radiant energy is light, with term "light" being used herein to refer to any suitable 
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electromagnetic radiation. Accordingly, the term "light" can include, but is not 
limited to, light in the visible wavelengths. 

[0037] Fig. 5 illustrates one method which can be utilized for increasing 
diffusion of light from lamps 18 and 22. Specifically, Fig. 5 shows a portion of an 
apparatus 50 comprising the susceptor 12 and substrate 14 described previously in 
the "Background" section of this disclosure, and further comprising the lamps 18 
and 22 (the apparatus 50 could further comprise the light sources 20 and 24, but 
such light sources are not shown in the diagram of Fig. 5 in order to simplify the 
drawing). Each of the lamps 18 and 22 has a reflector 52 associated therewith. 
The reflectors have rugged surfaces 53 which disperse light more than the prior art 
smooth surfaces associated with reflectors 30 (Fig. 3) of the prior art. The reflected 
light is shown by arrows 32 (only some of which are labeled) in Fig. 5. Although 
four lamps are shown, it is to be understood that more than four or less than four 
lamps can be utilized. Also, although each of the lamps is shown associated with a 
reflector having the rugged surface 53, it is to be understood that the invention 
encompasses aspects in which less than all of the lamps are associated with the 
shown reflectors. Although Fig. 5 shows the reflectors associated only with a top 
bank of lamps, it is to be understood that the reflectors could additionally, or 
alternatively, be associated with one or more lamps of the bottom bank (the lamps 
20 and 24 of Fig. 2). 
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[0038] The rugged reflective surface 53 can comprise any suitable structure. 
In some aspects, the rugged reflective surface will comprise a repeating pattern, 
such as, for example, a repeating honeycomb pattern or a repeating pattern of 
dimples. In other aspects, the reflective surface can comprise a relatively random 
structure, such as, for example, a crinkled foil structure. Fig. 6 shows a top view of 
a reflector. The illustrated top view is toward the reflector 53, which corresponds to 
a bottom view in the structure of Fig. 5, but which would typically be referred to as a 
top view in the art. The reflector 52 of Fig. 6 comprises a rugged surface 53 
corresponding to a repeating honeycomb pattern. Such repeating pattern is but one 
of many suitable repeating patterns, and can be an example of a repeating dimpled 
pattern. The repeating honeycomb pattern would typical be across a substantial 
entirety (or a total entirety) of a rugged portion of the surface of the Fig. 6 reflector 
utilized for reflecting radiation toward the substrate, and is shown broken up in Fig. 
6 to convey a sense that the Fig. 6 reflector is concavely-curved. 
[0039] Fig. 7 illustrates another aspect of the invention which can be utilized 
for diffusing radiation. Specifically, Fig. 7 illustrates an apparatus 60 comprising the 
susceptor 12 and substrate 14 described previously, and comprising a top bank of 
lamps in which the lamps 18 are remote from wafer 14 rather than directly over the 
wafer. The lamps 22 are not shown in the diagram of Fig. 7 in order to simplify the 
drawing, but it is to be understood that lamps 22 can also be remote from the 
surface 14 similarly to the lamps 18, or can be directly over the surface 14 even 
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though the lamps 18 are remote. Radiation 32 (i.e. light waves) is directed from 
lamps 18 toward a mirror 34 of the type described previously relative to Fig. 4, and 
thereafter is directed toward a surface of substrate 14. However, in contrast to the 
prior art structure of Fig. 4, radiation 32 passes through a first disperser 62 prior to 
mirror 34, and then passes through a second disperser 64 after mirror 34. 
Accordingly, the radiation 32 is split into multiple units, or in other words is 
dispersed prior to reaching the surface of substrate 14. 

[0040] The first and second dispersers 62 and 64 can comprise any suitable 
units which can disperse light waves, including, for example, diffraction gratings. 
[0041] Although two dispersers are utilized in the shown aspect of the 
invention, it is to be understood that more than two dispersers can be utilized, or 
only one disperser can be utilized. Also, although the dispersers are shown on both 
sides of mirror 34, it is to be understood that the invention encompasses other 
aspects in which dispersers are only provided upstream of mirror 34, or only 
provided downstream of mirror 34, rather than being both upstream and 
downstream of the mirror along the light path. Additionally, the invention 
encompasses aspects in which the dispersers are utilized without also utilizing a 
mirror. 

[0042] The dispersers of Fig. 7 can be combined with the reflectors of Fig. 5 
In some aspects of the invention. For instance, the reflectors of Fig. 5 can be 
utilized with the upper bank of lamps (lamps 18 and 22 of Fig. 2), and the dispersers 
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of Fig. 7 can be utilized with the lower bank of lamps (the lamps 20 and 24 of Fig. 
2). Altematively, or additionally, both the reflectors and dispersers can be utilized 
with a single lamp so that light is reflected off of a rugged reflector surface and then 
directed through a disperser as the light is directed toward substrate 14. 
[0043] The lamps 1 8 and 22 of Figs. 5 and 7 can be either within a reaction 
chamber associated with a deposition apparatus or external to the reaction 
chamber. If the lamps are external of the reaction chamber relative to the aspect of 
Fig. 7, the dispersers can be either within the reaction chamber, or external to the 
reaction chamber, or some of the dispersers can be within the reaction chamber 
while others are external to the reaction chamber. 

[0044] Fig. 8 shows an apparatus of the present invention in a view similar to 
that utilized in Fig. 2 for showing a prior art apparatus, but only shows the top bank 
of radiant energy sources (18 and 22) even though both banks would typically be 
utilized in the aspect of Fig. 8. The radiant energy from the sources 18 is labeled as 
19 in Fig. 8, and the radiant energy from sources 22 is labeled as 23 in Fig. 8. The 
radiant energy from sources 18 and 22 is shown to be much more disperse in the 
aspect of Fig. 8 than in the prior art aspect. Accordingly, there is overlap over 
substantially entirely all of the substrate 14 which can significantly reduce, and even 
eliminate, the problematic hot spots existing within prior art apparatuses. An 
amount of overlap between the pair of adjacent inner light sources 22 is cross- 
hatched in Fig. 8, and shown as a length "X" across the top of wafer 14. The length 
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"X" is at least about 50% of the total length of light from the source 22 impacting 
substrate 14, with such total length being shown as the length "Y" in Fig. 8. In 
particular aspects of the invention, the amount of overlap can be at least 50%, and 
in some aspects greater than 70%, and in yet other aspects greater than 90% of the 
total length impacting a surface of substrate 14. 

[0045] It is noted that the cross-sectional view of Fig. 8 shows the light from 
source 22 impacting substrate 14 as a length, but that in a three-dimensional view 
the light from source 22 would actually be a cone and would impact surface 14 in a 
circular or elliptical shape. Fig. 9 shows a top view of a fragment of the Fig. 8 
structure, and shows elliptical light beams 23 overlapping. The overlap of the light 
beams can be quantitated as the amount of surface area of substrate 14 which is 
impacted by one light beam and also impacted by the adjacent light beam, relative 
to the amount of area impacted by the one light beam and not by the adjacent light 
beam. In some aspects of the invention, at least 50% of the radiant energy 
impacting the substrate from one lamp is overlapped by radiant energy impacting 
the substrate from an adjacent lamp. The amount of overlap in particular aspects 
can be greater than 60%, greater than 70%, greater than 80%, or even greater than 
90%. 

[0046] Another aspect of the invention pertains to methodology for assessing 
alignment of a substrate within a deposition apparatus. Such aspect is described 
with reference to Figs. 10 and 1 1 . Referring initially to Fig. 10, an apparatus 70 
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comprises the susceptor 12 and substrate 14 described previously. The apparatus 
further comprises a light source (or emitter) 72 and a light detector 74. The source 
72 is mounted through a support 76 to apparatus 70 at a location proximate 
susceptor 12, and the detector 74 is mounted through a support 78 to apparatus 70 
at a location which is also proximate susceptor 12. The susceptor can be within a 
reaction chamber, and one or both of the source 72 and detector 74 can be within 
the chamber, or alternatively one or both of the source 72 and detector 74 can be 
external to the chamber. 

[0047] Source 72 can be any suitable source of light, and in particular 
aspects will be a laser emitter. Detector 74 can be any suitable detector, and in 
particular aspects will be a photodetector configured to detect reflected laser light. 
Any suitable number of emitters and detectors can be utilized, with the emitters and 
detectors typically provided in paired configurations so that each emitter is in one- 
to-one correspondence with a detector. 

[0048] In operation, emitter 72 emits light toward a surface of substrate 14, 
with such light being diagrammatically illustrated by dashed line 80. The light 
reflects off from the substrate toward detector 74. The detector then detects the 
light, and information about the detected light is utilized to assess alignment of the 
substrate. In some aspects of the invention, the detector can be in data 
communication with a signal processor (not shown). Information about the detected 
light is sent from the detector to the signal processor as a data signal (which can be, 
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for example, an electrical signal), and the data processor processes the information 
to assess the alignment of the substrate. The information can include the intensity 
of the light and/or the location of the light. If the substrate is wobbling or othenwise 
misaligned within susceptor 12, the light detected by the detector will be different 
than if the substrate is stable and properly aligned within susceptor 12. The 
detection of misalignment can be enhanced if reflection points from the wafer 
surface are near a periphery of the wafer than near the center, as offsets from 
misalignment tend to be more exaggerated at the wafer periphery than at the wafer 
center. If misalignment is detected, the signal processor can be configured to make 
adjustments which automatically correct for the misalignment, to trigger an alarm 
alerting an operator to the misalignment, and/or to shutdown the deposition 
apparatus. Thus, the misalignment assessment of the present invention can be 
utilized for process monitoring and/or for automatic process control. 
[0049] The alignment assessment of Fig. 9 can be particularly useful for 
application to epitaxial growth of semiconductor materials, such as, for example, 
epitaxial growth of silicon, including procedures which selectively epitaxially deposit 
silicon on particular surfaces relative to others. It is found that misalignment or 
improper leveling of the substrate by 0.005 inches can result in non-uniform films. 
Prior art methodologies utilized a level to check alignment of wafers, but such is 
difficult to accomplish in small chambers, and even when the chambers are large 
enough, it is difficult to obtain the desired accuracy with a level. Further, it is difficult 
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to employ a level for checking alignment of a spinning substrate. Methodology of 
the present invention can be utilized to assess alignment of a wafer continuously 
from an initial period before spinning starts, through the spinning of the wafer, and 
until a period after the spinning of the substrate has stopped. Alignment in 
accordance with particular aspects of the present invention can advantageously be 
conducted with greater precision, better reproducibility/accuracy and better wafer- 
to-wafer uniformity than prior art methods. 

[0050] In some aspects, two to four pairs of laser emitters and detectors are 
mounted around a susceptor. Susceptor adjustments are made while the susceptor 
is stationary (not spinning) until all of the laser beams reflect onto corresponding 
detectors to achieve maximum signals by the detectors (i.e., the detectors and laser 
emitters are configured so that maximum signals are received by the detectors 
when the wafer is properly aligned). The susceptor/wafer combination is then spun, 
and the alignment is fine-tuned by making further adjustments to maximize the 
signals detected by the detectors. In particular aspects, the signals received by the 
detectors can be considered to be approximately maximized during an alignment 
process, rather than entirely maximized, with the term "approximately maximized" 
. indicating that the signals are brought to within desired tolerances of a maximum 
signal. 

[0051] Fig. 1 1 shows a top view of a construction 90 that can be utilized in an 
exemplary aspect of the invention. Construction 90 comprises laser emitters 92, 94 
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and 96, which are paired with photodetectors 98, 100 and 102, respectively. The 
laser emitters and detectors are arranged around a susceptor 12 having a substrate 
14 retained thereby. The shown configuration has three pairs of laser 
emitters/detectors. It is to be understood, however, that the invention encompasses 
aspects in which less than three pairs of laser emitters/detectors are utilized or 
more than three pairs of laser emitters/detectors are utilized. 
[0052] The above-described process of utilizing light for detection of 
alignment can be considered an optical method of alignment assessment (with the 
term "optical method" referring to a method utilizing light, which may or may not be 
visible-wavelength light). In some aspects of the invention, optical methods can be 
utilized for assessing the thickness of a deposited layer in addition to, or 
alternatively to, assessing alignment of a wafer within a deposition apparatus. ^ Fig. 
12 shows an apparatus 1 1 0 comprising a light source 112 and a light detector 1 14, 
and configured for assessing the thickness of a deposited layer. Source 1 12 can 
comprise, for example, a laser emitter, and detector 1 14 can comprise, for example, 
a photodetector. Emitter 1 12 is attached to apparatus 1 10 with a support structure 
116, and detector 1 14 is attached to apparatus 1 10 with a support structure 118. 
Emitter 1 12 and detector 1 14 can be the same as the emitter 72 and detector 74 
described above with reference to the aspect of Fig. 10, or can be different. 
[0053] The emitter 1 12 and detector 1 14 are shown proximate a susceptor 12 
and substrate 14. In practice, susceptor 12 and substrate 14 would be within a 
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reaction chamber. One or both of emitter 1 12 and detector 1 14 can be within the 
reaction chamber, or alternatively one or both of emitter 112 and detector 114 can 
be external of the reaction chamber. If an emitter and/or detector is external of the 
reaction chamber, the light passing between the emitter and detector can be passed 
through one or more windows formed in sidewalls of the reaction chamber. 
[0054] Light emitted from emitter 1 12 is labeled as shown in dashed line in 
the diagram of Fig. 12, and labeled 120. Initially, light is emitted from emitter 112 
toward an upper surface of substrate 14 and then detected by detector 1 14. The 
detected light is utilized to establish a base signal which can be correlated with a 
starting elevational level of the surface of substrate 14. Specifically, the light 
reflecting from the surface 14 follows a path 121 and impacts a first location 122 of 
a face of detector 114. The location 122 of the impact point of path 121 can be 
considered a termination point of an emitted signal, in some aspects of the 
invention. 

[0055] Detector 1 14 can be in data communication with a signal processor 
1 17, as shown. Information about detected light is sent from the detector to the 
signal processor as a data signal 115 (which can be, for example, an electrical 
signal), and the data processor processes the information to assess the thickness of 
a deposited material. Accordingly, the signal processor can process a data signal 
from the detector to recognize that light impact location 122 of the detector face 
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corresponds to zero growth of deposited material. Such can be referred to as 
calibration of the signal processor. 

[0056] After the signal processor is calibrated, a material 15 is deposited over 
the surface of substrate 14 (material 15 is shown in dash-line view in Fig. 12). Light 
from emitter 1 12 is directed toward substrate 14, but now impacts a surface of 
deposited material 15, and thus the reflected light takes a new path 123. The light 
along path 123 impacts a face of detector 1 14 at a location 124 displaced from 
location 122. The shift of the termination point of emitted signal 120 from location 
122 to location 124 can be ascertained by signal processor 1 17 and correlated to a 
thickness of the layer 15 being deposited. In some aspects, the signal processor 
can be configured to detect when a desired thickness of layer 15 is deposited and to 
initiate an automated response. Thus, the film thickness measurement of the 
present invention can be utilized for process monitoring and/or for automatic 
process control. In particular aspects of the invention, the thickness monitoring can 
be utilized as an automatic process control trigger for step-end control. 
[0057] Although the process of Fig. 12 shows only one emitter and one 
detector, it is to be understood that a process of the present invention can utilize 
more than one emitter and/or more than one detector. 

[0058] Utilization of laser emitters or other light emitters to assess alignment 
and/or thickness of deposited layers can be advantageous in that the emitters can 
be utilized in situ during a deposition process to monitor the process. Further, the 
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utilization of the emitters can be conducted without adversely impacting process 
time, temperature or gas flow in a reaction chamber. Measurement during film 
growth can enable film growth and uniformity to be correlated with properties of a 
wafer after the processing (and, in some aspects, after cooling) and/or with 
performance of devices formed over the wafer. The light utilized in the various 
aspects of the invention for assessing growth and/or alignment (e.g., the light 80 of 
Fig. 10 and the light 120 of Fig. 12) can be any suitable wavelength, and typically 
will be a wavelength which does not alter materials associated with a surface of 
substrate 14 or deposited over the surface of substrate 14. 
[0059] Figs. 1 3-1 7 illustrate further methodology by which optical methods 
can be utilized for assessing the thickness of a deposited layer within a deposition 
apparatus. In such aspects, growth of material over a susceptor surface is 
measured and utilized to estimate growth of the same material over a surface of a 
semiconductor substrate. To aid in interpretation of the claims that follow, the terms 
"semiconductive substrate" and "semiconductor substrate" are defined to mean any 
construction comprising semiconductive material, including, but not limited to, bulk 
semiconductive materials such as a semiconductive wafer (either alone or in 
assemblies comprising other materials thereon), and semiconductive material layers 
(either alone or in assemblies comprising other materials). The term "substrate" 
refers to any supporting structure, including, but not limited to, the semiconductive 
substrates described above. 
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[0060] Referring initially to Fig. 13, a susceptor 12 is illustrated at a 
preliminary processing stage. Susceptor 12 comprises the recess 1 6 described 
previously, a trough 130 beneath the recess, and uppermost outer surfaces 132 
outwardly adjacent of the recess. 

[0061 ] A first material 1 34 is deposited over the outermost surfaces 1 32. 
First material 134 forms a layer over which subsequent deposition can occur. 
Specifically, in processing described below a material will be deposited over a 
semiconductor substrate and over the surfaces 132 of susceptor 12. It can be 
desired that the deposition of the material occur at approximately the same rate 
over surfaces 132 as over a surface of the substrate. Material 134 can be 
considered a treatment of surfaces 132 which enhances deposition over the 
surfaces 132. For instance, susceptor 12 can comprise silicon carbide at surfaces 
132 and such silicon carbide can be relatively porous such that deposition over the 
silicon carbide will occur at a different rate than deposition over a semiconductor 
wafer substrate. Material 134 can be provided over the silicon carbide surface 132 
to provide a new upper surface (surface 136) upon which deposition will occur at 
approximately the same rate as the deposition over a semiconductor material wafer 
retained by susceptor 12. 

[0062] Another application for utilizing layer 134 occurs in aspects in which 
the deposition occurring over a semiconductor material wafer Is selective for a 
material other than the composition of upper surface 132. Accordingly, material 134 
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is provided to provide a new upper surface 136 for which the deposition is not 
selective, and accordingly upon which the deposition will occur. In exemplary 
applications, a semiconductor material is to be epitaxially grown, and surface 132 
comprises silicon dioxide. The epitaxial growth may be selective for material other 
than silicon dioxide, and accordingly it is advantageous to form the material 134 
over surface 132, 'with material 134 being silicon, germanium or silicon/germanium 
so that epitaxial growth of semiconductor material readily occurs over material 134. 
[0063] Although material 134 is shown in the aspect of Fig. 13, it is to be 
understood that material 134 is optional and can be omitted in other aspects of the 
invention. For instance, if surface 132 has a suitable composition so that deposition 
of a material over surface 132 will occur during deposition of the material over a 
semiconductor wafer substrate, and will occur at a desired rate, then it may be 
suitable to omit material 1 34. 

[0064] Material 134 can comprise any suitable material or combination of 
materials. For instance, material 134 can, in particular aspects, comprise, consist 
essentially of, or consist of doped or undoped silicon, germanium or 
silicon/germanium. 

[0065] Material 134 is shown formed only over surface 132, rather than over 
surfaces of recess 16 or trough 130. This can be accomplished by appropriate 
masking of surfaces of recess 16 and trough 130 during formation of material 134. 
In some aspects of the invention (not shown) material 134 can be formed over 
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surface 132, and additionally can be formed over surfaces of one or both of recess 
16 and trough 130. 

[0066] Referring to Fig. 14, the semiconductor wafer substrate 14 is provided 
within recess 16. Substrate 14 has an upper surface 140. Substrate 14 covers a 
first portion of the susceptor (for example, covers the trough portion 130 of the 
susceptor) and leaves a second portion not covered (for example, the surfaces 132 
are not covered by the substrate 14). 

[0067] Referring to Fig. 15, a material 142 is deposited over surface 136 of 
material 134, and also over surface 140 of semiconductor wafer substrate 14. 
Materials 134 and 142 can be referred to as first and second materials, respectively, 
and can be compositionally the same as one another or can be compositionally 
different from one another. Material 142 can comprise any suitable material, 
including, for example, materials comprising, consisting essentially of, or consisting 
of one or both of silicon and germanium. In some aspects, material 142 will be 
epitaxially grown silicon which is selectively grown over semiconductive material 
surfaces, such as, for example, surfaces comprising silicon or germanium. In such 
aspects, it can be desired that material 134 comprise, consist essentially of, or 
consist of silicon and/or germanium. 

[0068] The thickness of material 142 over surface 132 (specifically, the 
thickness of material 142 over layer 134 in the aspect of Fig. 15) is measured by an 
optical method. Light is represented by the dashed line 150, and such light is 
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associated with the optical method utilized to measure the thickness of material 142 
over surface 132. 

[0069] The optical method utilized can be a method of the type described 
with reference to Fig. 12, and accordingly can utilize a laser emitter and a 
photodetector. Alternatively, the optical method can comprise ellipsometry. If 
ellipsometry is utilized, elliptically polarized light will be directed toward layer 142 
and a thickness of the layer will be estimated from one or more of a change in the 
elliptical polarization, a change in intensity, or a shift in the detected location of the 
reflected light. Regardless of the optical method utilized, such method will typically 
comprise emitting light from one or more emitters toward susceptor surface 132 
such that at least some of the light passes into or through the material 142 formed 
over the susceptor surface. The emitted light can then be detected with one or 
more photodetectors, and information about the detected light can be utilized to 
assess the thickness of the deposited material 142 on the susceptor surface. The 
utilization of the information can Incorporate a signal processor similar to the 
processor 1 17 described above with reference to Fig. 12. 
[0070] The thickness of material 142 on the susceptor surface can be 
correlated with the thickness of the material over surface 140 of the semiconductor 
wafer substrate. Thus, a thickness and/or rate of growth of material 140 on 
substrate 14 can be estimated from hieasurements of the material 140 that is over 
surface 132. 
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[0071] The emitters and photodetectors utilized for the methodology of Fig. 
15 can be either within a reaction chamber comprising susceptor 12 and substrate 
14, or can be external to such reaction chamber. If an emitter and/or detector is 
external of the reaction chamber, the light 150 can be passed through one or more 
windows formed in sidewalls of the reaction chamber. 
[0072] Referring to Fig. 16, wafer 14 is removed from susceptor 12. 
[0073] Referring to Fig. 17, materials 134 and 142 are removed from over 
surface 132. The processing of Figs. 13-15 can then be repeated with a second 
semiconductor substrate. Although both of materials 142 and 134 are shown 
removed at the processing stage of Fig. 17, it is to be understood that only material 
142 can be removed in some aspects of the invention, and material 134 can remain 
during processing with a second semiconductor wafer. It is also to be understood 
that both materials 134 and 142 can be left over surface 132 in some aspects of the 
invention, and the processing repeated with a second semiconductor wafer, with the 
new deposited material being deposited over both a surface of the semiconductor 
material and over an outer surface of material 142. 

[0074] The removal of materials 142 and 134 can be conducted with, for 
example, hydrochloric acid, in aspects in which materials 134 and 142 comprise, 
consist essentially of, or consist of silicon, germanium, or silicon/germanium. 
[0075] In compliance with the statute, the invention has been described in 
language more or less specific as to structural and methodical features. It is to be 
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understood, however, that the invention is not limited to the specific features shown 
and described, since the means herein disclosed comprise preferred forms of 
putting the invention into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper scope of the appended claims appropriately 
interpreted in accordance with the doctrine of equivalents. 
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